The present investigation recorded male meiotic features on population basis, 30 species in tribe Paniceae belonging to family Poaceae. Four species shows new chromosome counts. These are Brachiaria distachya (n=16), B. ramosa (n=10), B. reptans (n=8), and Echinochloa stagnina (n=9) whereas, Paspalum paspaloides (n=30) shows abnormal meiotic behavior with low pollen fertility.
Poaceae is one of the four largest families in the Angiosperms. The family has immense economic importance and exhibits lot of cytological variations due to hybridization, chromosome repatterning, intraspecific and intragenic polyploidy and aneuploidy. Thus, the grasses need detailed cytological analysis from different geographical areas. The information regarding chromosomal data is gathered from Indexes to Plant Chromosome Number by Darlington and Wylie (1955), Federov (1969) , Moore (1970 Moore ( -1974 Moore ( , 1977 , Kumar and Subramanian (1986) , Khatoon and Ali (1993) and various internet sites (www.tropicos.org/Project/IPCN and http://ccdb.tau.ac.il/). The cytological exploration has been taken up from different areas of Himalayas and North India plains has been done by several workers from the Department of Botany, Punjabi University, Patiala (Gupta and Gupta 2008 , Kaur et al. 2010a , 2010b , 2011a , 2011b , 2011c , 2011d , Chauhan et al. 2010 , Saggoo and Kumari 2013 , Singhal et al. 2014 , Kaur and Gupta 2016a , 2016b , Gupta et al. 2017 . But the cytological exploration from the Haryana has not been done earlier except for some taxonomical work and thus need to explore this region
The tribe Paniceae is represented with 30 genera and 200 species identified in the Indian flora (Bor 1960 ). The present paper deals with the cytology of 30 taxa of the tribe Paniceae from the area of Haryana and its adjoining hills. The complete chromosomal data on the members of the tribe has been compiled and the basic chromosome numbers along with ploidy level have been worked out.
Materials and methods
Thirty taxa of the tribe Paniceae were collected from the area of Haryana and its adjoining hills. Their species name, population number and localities are shown in Table 1 . For present meiotic study, young inflorescences were collected and fixed in Carnoy s fixative (alcohol : chloroform : acetic acid in 6 : 3 : 1) for 24 h and after that they were transferred to 70% alcohol for further preservation. Meiotic studies were carried out by preparing smears of pollen mother cells (PMCs) in 1% acetocarmine. Photomicrographs of chromosome counts were made from freshly prepared slides using Leica Qwin and a Nikon 80i Eclipse Microscope. Pollen fertility was estimated by their stainability in glycero-acetocarmine. Well stained pollen grains were considered as fertile and shriveled or with unstained nuclei as sterile. Voucher specimens were submitted to the Herbarium, Department of Botany, Punjabi University, Patiala (PUN).
Results and discussion
In the course of this study, 30 species belonging to 12 genera of tribe Paniceae have been worked out cytologically. Several meiotic chromosome numbers (n=7, 8, 9, 10, 18, 24, 27, 30, 36 and 54 ) have been observed. Ploidy level varies from 2x to 12x out of which 4x is the most common recorded in 13 taxa followed by 2x. The information regarding the chromosome numbers (n), locality with altitude, accession numbers (PUN), pollen fertility, ploidy level and meiosis whether normal or abnormal are given in Table 1 . The results on species with abnormal meiotic behavior and new chromosome counts have been discussed as under.
Brachiaria distachya (L.) Stapf.: Meiotic study has been carried out on two cytotypes with n=16 and 18. Out of these, the population collected from Rewari, Haryana with n=16 is a new chromosome report whereas, n=18 collected from different localities confirms the previous reports. The meiotic course shows 16 bivalents at diakinensis (Fig. 1) . The rest of the meiotic course remains normal. Beside this, the species is reported to have 2n=20 (Bir and Sahni 1985) , 36 (Basappa et al. 1987, Gould and Soderstrom 1974) , 48 (Bir and Singh 1983) and 72 (Mehra and Chaudhary 1976 ) from different geographical areas in India.
B. ramosa (L.) Stapf.: Extensive survey on population basis reported the occurrence of two cytotypes with n=10 and n=16. Out of these, the population collected from Hissar, Haryana shows n=10 and is a new chromosome count. The meiosis shows 10 bivalents at M-I and 16 bivalents at diakinesis (Figs. 4 and 5) and rest of the meiotic course is normal in both the cytotypes. The review of chromosomal data for the species shows the existence of large variation of chromosome numbers from India (2n=14, 18, 28, 32, 36, 42, 46, 54 and 72) , and 2n=36 and 72+3B from outside India (Ahsan et al. (Figs. 6 and 7) . The meiotic course of both the cytotypes is normal. Present report of n=7 is in conformity with the previous reports, whereas n=8 is a new record. Bir and Sahni (1984) reported tetraploid cytotypes (2n=28), Gould and Soderstrom 1974 observed diploid (2n=18) and Bir and Sahni (1986) reported hexaploid (2n=54) cytotypes are also recorded earlier by various workers from India and abroad.
D. ciliaris (Retz.) Koel.: Three cytotypes have been reported i.e., tetraploid with 18 bivalents at diakinensis, hexaploid with 27 bivalents at M-I and octaploid with 36 bivalents at diakinensis (Figs. 9-11 ). All the three cytological races show normal meiosis and are in conformity with the previous reports.
Echinochloa stagnina Beauv.: Two populations from different localities show normal meiotic behavior with 9 : 9 at A-I (Fig. 15) . The present report does not confirm with the previous reports and is a new chromosome record for the species. Mehra (1982) reported the presence of syncytes and a high percentage of univalent formation because of cytomixis. Sahni (1986, 1987) reported abnormal meiotic behavior with the presence of secondary associations, stickiness, laggards and bridges in some polyploidy cytotypes i.e., 4x, 6x and 12x. The intraspecific cytotypes are well represented in the species (2x, 4x, 6x, 8x, 12x and 14x) (Gould and Soderstrom 1974) .
Panicum antidotale Retz.: Two cytological races with nine bivalents at M-I and 18 bivalents at diakinensis in different populations have been observed (Figs. 20  and 21 ). The present chromosomal counts confirm the previous reports and meiosis shows normal in both the cytotypes.
Paspalum paspalodes Presl.: Presently, Three populations have been studied cytologically showing n=30 with abnormal meiotic behavior. Some of the PMCs show one to two quadrivalents besides, normal bivalents at M-I (Fig. 26) and 30 bivalents at M-I (Fig. 27) . Further, varied frequencies of meiotic abnormalities in the form of laggards at A-I/T-I and multipolar spindle formation were observed (Figs. 28-30 ) in different populations. All these meiotic abnormalities lead to the formation of abnormal microsporogenesis i.e., polyads along with tetrads (Fig. 31) . Pollen fertility is found to be low (32-35%). The present report confirm the previous count. Bir and Chauhan (1990) recorded other cytotypes i.e., 2n=72 and 108 from Punjab plains. From outside India, the species reported well developed polyploidy series (2x, 4x, 6x, 12x) based on x=10 (Ahsan et al. 1994) .
Setaria glauca (L.) P.: Two cytotypes i.e., tetraploid and octaploid with 18 bivalents at M-I (Fig. 37) and 36 bivalents at diakinesis (Fig. 38) have been observed. Both the cytotypes show normal meiosis and confirms the previous reports based on the basic chromosome number x=9.
S. verticillata (L.) P. Beauv.: Diploid with nine bivalents at diakinesis (Fig. 41) and hexaploid with 27 bivalents at diakinesis (Fig. 42) have been reported (Figs. 41  and 42 ). Both the cytotypes show normal meiosis and confirms the previous reports based on the basic chromosome number x=9.
The tribe Paniceae is represented by 121 genera and 2266 species (Tzvelev 1989) and is the largest and complex tribe in the family Poaceae. There are 30 genera and 193 species reported from Indian subcontinent (Bor 1960) . Different meiotic chromosome numbers (n= 6, 7, 8, 9, 10, 18, 24, 27, 30, 36, 50, 54, 56, 60, 65 ) have been observed. Ploidy level varies from 2x to 12x out of which 4x is the most common recorded in 24 genera followed by 6x in 15 genera Different base numbers were proposed by different workers for the tribe. First of all, Darlington and Wylie (1955) proposed x=7, 9, 10, 12, 15, 17, 19 then Bor (1960) did x=7, 9, 10, 15, 17; Koul and Gohil (1991a) did x=5, 6, 7, 8, 9, 10, 12, 15, 17, 19 and Brown (1948) and Jauhar and Joshi (1969) proposed x=9. Out of x=7, 8, 9 and 10, x=9 is the most common base number occurring in 70% of the species of the tribe (Mehra et al. 1968 , Mehra 1982 . Further, x=10 is presumed to be derived through polyploidization from x=5. This observation reveals that Digitaria, Oplismenus and Rhynchelytrum with x=9 are monobasic, Echinochloa with x=8, 9 and Eriochloa with x=9, 10, Paspalum with x=8, 9, are dibasic, whereas, Brachiaria with x=7, 8, 9, Panicum with x=7, 8, 9, 10, Pennisetum with x=5, 7, 8, 9, Setaria with x=7, 8, 9 and Urochloa with x=7, 8, 9 are polybasic.
